Other acid-destroying and oxygen-consuming symbionts, notably Oospora lactis, also affect the longevity of certain lactic acid bacteria (Trioli-Petersson, 1899; Hastings and Catley, 1927; Linneboe and Hastings, 1936) .
The beneficial effects have been attributed to the reduction of acidity and oxygen tension (Northrup, 1912;  Hastings and Catley, 1927) , and the slight proteolytic action of film-forming yeasts during symbiosis (Hastings and Catley, 1927) .
EXPERIMENTAL
Pure cultures of Lactobacillus helveticus, Strain 39aW, and Streptococcus thermophilus, strain Mc, were grown in reconstituted skimmilk; separate cultures were associated with Candida krusei, sometimes called a "mycoderm" (Graham, 1939) , and the mixed cultures were designated as 39aW-my and Mc-my. Methods described by Peppler and Frazier (1941) were used in the preparation of cultures and in the determination of their activity at 37°C. after a heat treatment at 620 to 6400. for 30 minutes.
Heat resistance of bacteria in different parts of an associated culture
The effect of Candida krusei on the heat resistance of S. thermophilus and L. helveticus was demonstrated with cultures held at 370 for 14 hours, and then stored at 200 for one week. After four successive transfers, subcultures from the top region, from the bottom region and from the mixture of top and bottom areas were made in reconstituted skimmilk and then heat-treated as indicated. Plate counts, with the medium of Kulp and White (1932) , were prepared immediately before and after heating, and at hourly intervals until the eighth hour. The decreases in pH were recorded.
The variations in heat resistance of S. thermophilus organisms from different parts of the associated culture are shown by curves of growth and decrease in pH in figure 1 ; thedesignation, 00-hour, refers to samples taken before the heat treatment. Bacteria nearest the surface growth of the aerobic film yeast were more active after the heat treatment than bacteria located farthest from it. The influence of Candida krusei extended far below its surface pellicle, and the mixture of top andbottom zones showed an activity between those of separate subcultures from the top and bottom areas. tion during symbiosis between the film-forming yeast and these two bacterial species provided no explanation of the part played by the film yeast in benefiting S. thermophilus. It is probable that the level of lactic acid tolerance, which is relatively much lower for S. thermophilus than for L. helveticus, may be con-cerned; therefore, the same amount of reduction in acidity should be more helpful to the streptococci than to the lactobacilli. Subsequent experiments revealed that reduction in acidity alone could not account for the benefits of symbiosis.
Effect of acidity on heat resistance of pure cultures of bacteria Pure cultures of S. thermophilus and L. helveticus were grown at 370 for 14 hours, adjusted to different acidities with NaOH, and then stored at 120 or 25°C. for one week. There were no marked differences in activity after heat treatment, as data of table 1 reveal. Under the less favorable conditions of storage at 25°C., adjustment of acidity to pH 5.7 to 6.0 appeared to be more helpful to S. thermophilus than to L. helveticus.
Effect of Candida krusei culture filtrates on acid production by S. thermophilus following heat treatment Previous studies (Peppler and Frazier, 1941) had demonstrated the beneficial effect of small amounts of Neopeptone in the skimmilk culture medium on the heat resistance of S. thermophilus and L. helveticus. Since the improved culture medium resulted in the greater increase in activity of S. thermophilus after heating, and this organism also benefited most from the symbiosis with Candida krusei, the possible formation of accessory compounds by the film yeast during association was suggested, and the streptococcus was selected for study.
Three portions of reconstituted skimmilk were acidified to pH 4.4 with lactic acid; one portion was inoculated heavily with a pure culture of S. thermophilus, the other two with Candida krusei. To one of the film-forming yeast cultures was added 0.1 per cent Neopeptone. After 10 days' incubation at room temperature, filtrates were prepared in the usual way, adjusted to pH 6.4, and sterilized by means of sintered glass filters. The filtrates were added. to the medium in which S. thermophilus was given the heat treatment, and their effect on theacidproduction of this organism after the heat treatment is shown in table 2. It is evident from the marked effect of all filtrates that Candida to be due partly to accumulation of acid, but mainly to oxygen (Rahn and Bigwood, 1938) . Neutralization of mature cultures and storage under nitrogen prolonged the viability of S. lactis. In preliminary experiments it was shown that in litmus milk Candida krusei maintained a reduced condition at the surface of associated cultures, but that redox potentials of areas beneath the pellicle of the film yeast and at the bottom of the culture were not consistently different.
If the maintenance of a reduced condition contributes to the vitality of bacteria, storage under hydrogen should provide a suitable environment. Pure cultures of S. thermophilus were stored under hydrogen, following incubation at 370 for 14 hours, and different combinations of reduced acidity, added Neopeptone, and displacement of air by hydrogen were tried. For storage under hydrogen, bottles were provided with special means for removing all the air above cultures and replacing it with commercially pure hydrogen under slight pressure. After incubation at 37°C., cultures were placed under hydrogen and held at 20°C. for one week, during which time the hydrogen was replaced every 48 hours.
The effect of these different treatments on the heat resistance of S. thermophilus is shown in figure 3 . A marked increase in heat resistance of the culture with reduced acidity, added Neopeptone, and replaced hydrogen was observed. Cultures, receiving these special treatments singly or in any combination of two, showed activities more like that of the untreated control.
DISCUSSION
The beneficial effect of Canrdida krusei suggests the use of this film yeast, or possibly other organisms with similar physiological properties, not only to enhance the longevity but also the heat resistance of acid-forming bacteria. Various microorganisms, such as certain film yeasts and molds or the acetic acid bacteria described by Ritter (1933) may be adapted to use in the preparation of cultures employed in industry, especially in certain phases of dairy manufacture.
Since a large proportion of bacteria in associated cultures are benefited, special conditions of incubation may be recommended,
